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Involvement of NMDA glutamate receptors in the acquisition 
and reinstatement of the conditioned place preference 


induced by MDMA 
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Jose Mifiarro and Maria A. Aguilar 


Some 3,4-methylenedioxymethamphetamine (MDMA) 
users become dependent as a result of chronic 
consumption. A greater understanding of the 
neurobiological basis of the rewarding effects of MDMA 
could contribute to developing effective pharmacotherapies 
for MDMA-related problems. The present study evaluated 
the role of N-methyl-p-aspartate (NMDA) glutamate 
receptors (NMDARs) in the acquisition and reinstatement of 
conditioned place preference (CPP) induced by MDMA. 
Adolescent male mice were conditioned with 1 or 10 mg/kg 
MDMA and pretreated with 5 or 10 mg/kg of the NUDAR 
antagonist memantine during acquisition of conditioning 
(experiment 1), or before a reinstatement test (experiment 
2). In addition, the effects of memantine on acquisition of 
chocolate-induced CPP and the effects of memantine and 
MDMA on a passive avoidance task were evaluated. 
Memantine did not exert any motivational effects, but 
blocked the acquisition of MDMA-induced CPP. Moreover, 
following acquisition and extinction of MDMA-induced CPP, 
memantine did not induce reinstatement but blocked 
reinstatement of the CPP induced by priming with MDMA. 


Introduction 

3,4-Methylenedioxymethamphetamine (MDMA) is a 
popular amphetamine derivative consumed largely by 
adolescents and young adults in the context of weekend 
nightlife (EMCDDA, 2013). Although its abuse potential 
is not as high as that of some other compounds, MDMA 
dependence has been documented as a result of chronic 
consumption (Cottler eż al., 2001; Degenhardt et al., 2010; 
Leung et al., 2010). Animal models of reward, such as 
self-administration (SA) and conditioned place pre- 
ference (CPP), also point to MDMA as a drug of abuse 
that induces reinstatement after extinction (Schenk, 
2009; Schenk ef al., 2011; Roger-Sanchez et al., 2013a), an 
animal model of relapse to drug seeking after long peri- 
ods of abstinence (Aguilar ef al., 2009a; Bossert et al., 
2013). Several neurotransmitter systems have been 
implicated in the acquisition and/or reinstatement of the 
rewarding effects of MDMA in the SA and CPP para- 
digms: serotonin [5-hydroxytryptamine (5-HT)], dopa- 
mine (DA), endogenous opioids, endocannabinoids, 
neurotensin and adenosine (for a review, see 
Roger-Sanchez eż al., 2013a). 
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Memantine did not block the CPP induced by chocolate, and 
it partially reversed the impairing effects of MDMA on 
memory. Our results demonstrate that NMDARs are 
involved in acquisition of the conditioned rewarding effects 
of MDMA and in priming-induced reinstatement of CPP 
following extinction. Moreover, they suggest the validity of 
memantine for the treatment of MDMA abuse. Behavioural 
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Although the glutamatergic system is clearly involved in 
drug addiction (Olive et al., 2012; Pomierny-Chamioto 
et al, 2013; Tomek e al., 2013), and blockade of 
N-methyl-p-aspartate (NMDA) glutamate receptors 
(NMDARs) decreases the rewarding effect of several 
drugs of abuse (Ribeiro Do Couto ef al., 2005; Popik et al., 
2006; Maldonado eż al., 2007), the involvement of these 
receptors in MDMA reward has not been studied. 
Conversely, previous studies have demonstrated that 
NMDARBRs are implicated in other effects of MDMA. For 
example, memantine and other NMDAR antagonists 
decrease MDMA-induced hyperthermia (Johnson eż al., 
2004; Nisijima ef al., 2012) and prevent MDMA-induced 
neurotoxicity (Miller and O’Callaghan, 1995; Finnegan 
and Taraska, 1996; Johnson ef al., 2004; Chipana ef al., 
2008), although, in the former case, this effect could be 
attributed to their action as an @-7 nicotinic cholinergic 
receptors antagonist (Chipana ef al., 2008). Moreover, 
MDMA administration has been shown to enhance the 
extracellular concentration of glutamate in the rat hip- 
pocampus (Anneken and Gudelsky, 2012). In light of this 
evidence, we hypothesized that NMDARs are also 
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involved in MDMA reward. Thus, the aim of the present 
study was to evaluate the effects of the noncompetitive 
NMDAR antagonist memantine on acquisition (experi- 
ment 1) and reinstatement (experiment 2) of an MDMA- 
induced CPP. In addition, as part of experiment 1, we 
also tested the effects of memantine on acquisition of 
chocolate-induced CPP to demonstrate that this drug did 
not impair contextual learning of another appetitive 
substance. Finally, we evaluated the consequences of 
memantine administration on the impairing effects of 
MDMA on passive avoidance learning to determine 
whether the NMDAR antagonist affected learning of a 
different conditioning task (experiment 3). We used 
adolescent mice in these experiments, as MDMA is a 
drug predominately consumed by adolescents and young 
adults. 


Methods 

Subjects and treatments 

A total of 272 OF 1 male mice (Charles River, Barcelona, 
Spain) that were 21 days old and group-housed under 
standard laboratory conditions were used (see details in 
Roger-Sanchez et al., 2013a). Procedures involving mice 
and their care were conducted in compliance with the 
Directive 2010/63/EU. Animals were injected intraper- 
itoneally with MDMA hydrochloride (Agencia Española 
del Medicamento, Madrid, Spain) and/or memantine 
(Tocris Bioscience Laboratories, Bristol, UK) in a volume 
of 0.01 ml/g. Control groups were injected with the 
physiological saline in which the drugs were dissolved 
(0.9% NaCl). The doses were selected on the basis of 
previous studies on MDMA (Daza-Losada ef a/., 2007, 
2009a; Manzanedo ef al., 2010; Rodriguez-Arias ef al., 
2010; Vidal-Infer e al., 2012) and memantine (Ribeiro Do 
Couto e al., 2004; Ribeiro Do Couto et al., 2005; 
Maldonado ez al., 2007). 


Place conditioning 

For place conditioning, we used 12 computerized 
Plexiglas boxes, with two equally sized compartments 
separated by a grey central area (see details in 
Roger-Sanchez et al., 2013a). The compartments had 
different coloured walls (black vs. white) and distinct 
floor textures (fine grid in the black compartment and 
wide grid in the white one). Four infrared light beams in 
each compartment of the box and six in the central area 
allowed the position of the animals and their crossings 
from one compartment to the other to be recorded. The 
equipment was controlled by three IBM PC computers 
using MONPRE 2Z software (CIBERTEC, SA, Spain). 


The CPP test began on postnatal day (PND) 29, fol- 
lowing an unbiased procedure (in terms of initial pre- 
ference and counterbalanced drug treatment in both 
compartments) with three phases (for details, see 
Daza-Losada ef al., 2007): preconditioning (Pre-C), con- 
ditioning (drug on PND 32, 34, 36 and 38 and saline on 


alternate days, confinement for 30min) and post- 
conditioning (Post-C). We assessed the time spent by the 
mice in each compartment in the Pre-C and Post-C tests 
during a 15 min period. A significant increase in the time 
spent in the drug-paired compartment during Post-C 
compared with Pre-C indicated the acquisition of CPP. 


To study the implication of NMDAR in the acquisition of 
MDMaA-induced CPP (experiment 1), six groups of early- 
adolescent animals were conditioned (PND 32-39) with 
physiological saline (Sal+Sal, ~=10), 5 or 10 mg/kg 
memantine (M5 + Sal, 2 = 10; M10 + Sal, 7 = 12), 10 mg/kg 
MDMA (Sal+MDMA10, n =15), or 5 or 10 mg/kg mem- 
antine plus 10mg/kg MDMA (M5+MDMAI10, #=12; 
M10 +MDMA10, ~=13). An additional three groups 
of mice (7=10) were used to demonstrate the effects of 
memantine on CPP induced by an additional dose of 
MDMA in late-adolescent animals. In this case, mice were 
conditioned (PND 53-60) with 1 mg/kg MDMA plus sal- 
ine (Salt+MDMAI1) or 5 or 10mg/kg memantine 
(M5 + MDMA1, M10+MDMAI1). Memantine or saline 
was administered 30 min before MDMA administration, 
and the animals underwent conditioning immediately after 
the second injection. The Post-C test was performed on 
PND 40 and PND 61 in early-adolescent and late- 


adolescent mice, respectively. 


To demonstrate that memantine did not impair con- 
textual learning of another appetitive substance, three 
additional groups of mice were conditioned (PND 32-39) 
with chocolate (ChocoKrispies; Kelloggs, Tarragona, 
España) following the same procedure (CHOC + Sal, 
n=11; CHOC +M5, 2=12; CHOC +M10, ~=11). To 
ensure acquisition of CPP, the mice were familiarized 
with the chocolate in their cage over 6 days, removing it 
3 days before initiation of conditioning. The animals 
were deprived of food for 8h before each conditioning 
session with chocolate. 


To study the implication of NMDAR in the reinstate- 
ment of MDMaA-induced CPP (experiment 2), six groups 
of animals were conditioned with 10mg/kg MDMA 
(PND 32-39) and, after Post-C, were subjected to an 
extinction/reinstatement procedure (for details, see 
Roger-Sanchez eż al., 2013a). The mice were subjected to 
an extinction procedure every 3 days (as described pre- 
viously by Garcfa-Pardo eż al., 2014) until they achieved 
complete extinction of CPP (between three and six ses- 
sions among the different groups). CPP was considered 
to be extinguished when there was no significant differ- 
ence between the time spent in the drug-paired com- 
partment in the extinction session and that spent in the 
same compartment during Pre-C (Student’s test). 


On the following day, the animals performed the rein- 
statement test after administration of the following: 
physiological saline (Sal+Sal, ~=12), 5 mg/kg MDMA 
(Sal +MDMA5, w=11), 5 or 10mg/kg memantine 
(M5 +Sal, 2=10; M10+Sal, 7=11), or 5 or 10 mg/kg 
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memantine +5 mg/kg MDMA (M5+MDMAS, n=10; 
M10+MDMAS5, z=10). Memantine or saline was 
administered 15min before MDMA or saline, and the 
animals were tested 15 min after the second injection. It 
is important to note that the interval between injections 
differed from that in experiment 1 (15 vs. 30min, 
respectively); in this experiment, the mice were placed in 
the CPP apparatus 15 min after rather than immediately 
after the second injection (experiment 1). Thus, in both 
cases, memantine was administered 30 min before the 
mice were placed in the CPP apparatus. 


Passive avoidance 

In experiment 3, four groups of mice were treated on four 
alternate days with saline (Sal+ Sal, 7=8), 10 mg/kg 
MDMA (Sal+MDMA1O0, 2=13), or 10 mg/kg MDMA 
plus 5 or 10 mg/kg memantine (M5 + MDMA10, w= 14; 
M10 +MDMA10, ~=14) to determine whether mem- 
antine affected the detrimental effects of MDMA on the 
passive avoidance test. Memantine was administered 
30 min before MDMA. Mice were trained 4 days after 
treatment in a step-through inhibitory avoidance appa- 
ratus (Ugo Basile, Comerio-Varese, Italy). Details of the 
apparatus and the procedure have been described else- 
where (Daza-Losada ef al., 2009b). In brief, on the 


training day, each mouse was placed in the illuminated 


Fig. 1 
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Effects of memantine on the acquisition of place conditioning induced 
by 10 mg/kg MDMA. During the conditioning phase, animals were 
divided into the following six treatment groups: saline (Sal + Sal, n= 10), 
5 or 10 mg/kg memantine (M5 + Sal, n= 10; M10+ Sal, n= 12), 
saline + 10 mg/kg MDMA (Sal+MDMA10, n= 15) and 5 or 10 mg/kg 
memantine + 10 mg/kg MDMA (M5 +MDMA10, n= 12; 
M10+MDMA10, n= 13). The bars represent the mean (+ SEM) time (s) 
spent in the drug-paired compartment before conditioning sessions in 
the preconditioning test (Pre-C, white bars) and after conditioning 
sessions in the postconditioning test (Post-C, black bars). **P < 0.001, 
Pre-C versus Post-C tests. CPP, conditioned place preference; M, 
memantine; MDMA, 3,4-methylenedioxymethamphetamine; Sal, saline. 


compartment of the apparatus and received a footshock 
(0.5 mA, 3 s) when it entered the dark compartment, after 
which it was returned to its home cage. The time taken to 
enter the dark compartment (step-through latency) was 
recorded. Retention was tested 24h and 1 week later, 
following the same procedure but without the shock and 
with a maximum step-through latency of 300 s. 


Statistical analysis 

‘The time spent in the drug-paired compartment by early- 
adolescent mice was analysed with a mixed analysis of 
variance (ANOVA), with two between-subject variables 
(MDMA and memantine) and one within-subject vari- 
able (days). Data obtained for mice conditioned with 
1 mg/kg MDMA or chocolate and for passive avoidance 
were analysed using a two-way ANOVA, with one 
between-subject variable (treatment) and one within- 
subject variable (days). Bonferroni adjustment was used 
to make post-hoc comparisons. 


Results 

Experiment 1: involvement of NMDAR in the acquisition 
of the CPP induced by MDMA 

For animals receiving 10 mg/kg MDMA, there was a 
significant effect of ‘days’ [F(1,66) =6.12, P< 0.05] and a 
significant ‘days Xx MDMA x memantine’ interaction 
[F(2,66) =5.02, P<0.01]. Only the group treated with 
Sal +MDMA spent more time in the drug-paired com- 
partment in Post-C than in Pre-C (P < 0.001). This group 
also spent more time than the Sal + Sal group in the drug- 
paired compartment during Post-C (P<0.01). The 
absence of CPP in the groups receiving memantine 
suggests that this drug prevented the acquisition of 
MDMaA- induced CPP (Fig. 1). 


Similarly, the ANOVA for mice conditioned with 1 mg/kg 
MDMA also showed a significant effect of ‘days’ 
[F(1,27)=7.27, P<0.05] and a significant ‘days x 
treatment’ interaction [/(2,27)=3.89, P<0.05]. Mice 
conditioned with MDMA alone spent more time in the 
drug-paired compartment in the Post-C test than in the 
Pre-C test (P<0.001), and compared with the groups 
treated with MDMA plus memantine (P’s < 0.05). Again, 
the absence of CPP in the groups receiving memantine 
suggests that this drug prevented acquisition of MDMA- 
induced CPP (Fig. 2a). 


The ANOVA of mice conditioned with chocolate showed 
that only the effect of ‘days’ was significant 
[F(1,31) =32.98; P<0.001], with all groups spending 
more time in the drug-paired compartment during Post-C 


than during Pre-C. This showed that memantine did not 
block the CPP induced by chocolate (Fig. 2b). 


Experiment 2: involvement of NMDAR in the 
reinstatement of MDMA-induced CPP 

In this experiment, only the variable ‘days’ was found to 
be significant [F(3,56)= 14.26, P<0.001]. The mice 
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(a) Effects of memantine on acquisition of the place conditioning 
induced by 1 mg/kg MDMA. During the conditioning phase, animals 
were divided into the following three treatment groups: saline + 1 mg/kg 
MDMA (Sal+MDMA1, n=10), and 5 or 10 mg/kg memantine + 1 mg/ 
kg MDMA (M5 +MDMA1, n=10; M10+MDMA1, n= 10). (b) Effects 
of memantine on acquisition of the place conditioning induced by 
chocolate. During the conditioning phase, animals were divided into the 
following three treatment groups: saline + chocolate (Sal + Choc, 
n=11), and 5 or 10 mg/kg memantine + chocolate (M5 + Choc, n= 12; 
M10+Choc, n=11). The bars represent the mean (+ SEM) time (s) 
spent in the drug-paired compartment before conditioning sessions in 
the preconditioning test (Pre-C, white bars) and after conditioning 
sessions in the postconditioning test (Post-C, black bars). **P < 0.01, 
Pre-C versus Post-C tests. ‘P< 0.05, with respect to the Sal + MDMA1 
group. Choc, chocolate; CPP, conditioned place preference; M, 
memantine; MDMA, 3,4-methylenedioxymethamphetamine; Sal, saline. 


spent more time in the drug-paired compartment during 
Post-C than during Pre-C (P<0.001) and extinction 
(P<0.001). The difference between the time spent in 
extinction and reinstatement approached significance 
(P <0.065), as only the Sal + MDMAS group spent more 
time in the drug-paired compartment during the rein- 
statement test compared with the last extinction session 
(P<0.001). Moreover, on the reinstatement day, the 
group receiving Sal + MDMAS spent more time in the 
drug-paired compartment compared with the Sal +Sal 
group (P<0.01) and the M5+MDMAS and 
M10+MDMAS groups (P < 0.05). These results indicate 
that memantine blocked the reinstatement of CPP 
(Fig. 3). 


Experiment 3: involvement of NMDAR in the detrimental 
effects of MDMA in the passive avoidance test 

The ANOVA for this experiment showed a significant 
effect of ‘days’ [#(2,44)= 16.61, P<0.001] and a sig- 
nificant ‘days X treatment’ interaction [/(6,90) = 2.12, 


Treatment 


Effects of memantine on the reinstatement of MDMA-induced CPP. Six 
groups of mice were conditioned with 10 mg/kg MDMA, underwent 
daily extinction sessions until the CPP was extinguished, and received 
the following treatments before the reinstatement test: two injections of 
saline (Sal+ Sal, n= 12), saline +5 mg/kg MDMA (Sal + MDMAS, 
n=11), 5 or 10 mg/kg memantine (M5 + Sal, n= 10; M10 + Sal; 
n=11), and 5 or 10 mg/kg memantine + 5 mg/kg MDMA 

(M5 + MDMAS5, n= 10; M10+MDMAS, n= 10). The bars represent the 
mean (+ SEM) time (s) spent in the drug-paired compartment before 
conditioning sessions in the preconditioning (Pre-C) test (white bars), 
after conditioning sessions in the postconditioning (Post-C) test (black 
bars), in the last extinction session (light grey bars) and in the 
reinstatement test (dark grey bars).**P < 0.001, Post-C versus Pre-C or 
the last extinction tests. **P<0.001, reinstatement versus last 
extinction tests. °° P< 0.01, reinstatement test with respect to the 
Sal+ Sal group. *P< 0.05, reinstatement test with respect to the 
Sal+MDMAS group. CPP, conditioned place preference; Ext, 
extinction; M, memantine; MDMA, 3,4-methylenedioxymetham- 
phetamine; Reinst, reinstatement; Sal, saline. 


P<0.05]. In all groups, except that treated with MDMA 
alone, the latency to enter the dark compartment 
increased between day 1 and 2 (Ps <0.01). However, on 
day 3, only the control group showed an increased latency 
in comparison with day 1 (P<0.001), which was sig- 
nificantly higher than the latency of the group treated 
with MDMA alone (P<0.05). These results suggest that 
memantine reverses the impairing effects of MDMA on 
passive avoidance only at an initial stage (Fig. 4). 


Discussion 

In the present study we demonstrate, for the first time, 
that the conditioned rewarding effects of MDMA in mice 
depend on the activation of glutamate NMDARs. 
Memantine inhibited acquisition of MDMA CPP and 
blocked priming-induced reinstatement. These results 
are consistent with the involvement of the glutamatergic 
system in learning and memory (Nicoll and Malenka, 
1999; Tang et al., 1999; Riedel et al., 2003) and in drug 
addiction (Olive eż al., 2012; Pomierny-Chamiolo et al., 
2013; Tomek ef al., 2013). 
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Effects of memantine on the impairing effect of MDMA on the passive 
avoidance task. Four groups of mice were treated with a daily 
administration (over four alternate days) of saline (Sal + Sal), 10 mg/kg 
MDMA alone (MDMA10 + Sal), or 10 mg/kg MDMA plus 5 or 10 mg/kg 
memantine (MDMA10+M5, MDMA10 + M10). Four days later, all the 
mice were trained in acquisition of the passive avoidance task. 
Retention tests were performed 24 h and a week after training. The bars 
represent the mean (+ SEM) latency (in s) to enter into the dark 
compartment. **P < 0.001, *P < 0.01, with respect to the training day; 
*P <0.05, with respect to the control group on the same day. M, 
memantine; MDMA, 3,4-methylenedioxymethamphetamine; Sal, saline. 


In accordance with our previous studies, MDMA induced 
CPP and reinstatement after extinction (Daza-Losada 
et al., 2007; Rodriguez-Arias ef al., 2010; Vidal-Infer et al., 
2012; Roger-Sanchez ef al., 2013a, 2013b, 2013c), indi- 
cating that this drug produces long-term alterations that 
increase the vulnerability of subjects to relapse after 
abstinence, as occurs with other drugs of abuse. 
Conversely, memantine did not induce motivational 
effects, which is also in line with previous studies 
(Maldonado eż al., 2003, 2007; Ribeiro Do Couto eż al., 
2004, 2005; Olive ef al., 2012). 


The acquisition and reinstatement of MDMA CPP were 
blocked by antagonism of NMDAR. There are no pre- 
vious studies on the involvement of these receptors in 
the rewarding effects of MDMA, but several studies have 
showed that memantine blocks the acquisition of CPP 
induced by morphine (Popik and Danysz, 1997; Popik 
et al., 2003, 2006; Ribeiro Do Couto eż al., 2004, 2005; 
Aguilar ef al., 2009b), cocaine (Kotlinska and Biala, 2000; 
Maldonado e al., 2007) and ethanol (Gremel and 
Cunningham, 2009), as well as the reinstatement of CPP 
induced by morphine (Ribeiro Do Couto eż al., 2005; 
Popik eż al., 2006) and cocaine (Maldonado ef al., 2007). 
In the present study, the effects of memantine on 
acquisition of CPP induced by MDMA were potent and 
specific. Memantine blocked the acquisition of CPP 


induced by two different doses of MDMA in early- 
adolescent and late-adolescent mice but did not affect 
the CPP induced by chocolate, which is in accordance 
with previous studies (Popik eż al., 2003). 


One possible explanation for the effects observed on 
CPP is that memantine provokes neurochemical changes 
that undermine the rewarding effects of MDMA. As 
these effects seem to depend on the activation of DA and 
5-HT receptors (Schenk eż al., 2011; Vidal-Infer et al., 
2012; Roger-Sanchez ef al., 2013b, 2013c), it is possible 
that memantine decreases the levels of these neuro- 
transmitters. Activation of NMDARs stimulates DA 
release in rat striatal slices, and memantine inhibits this 
effect (Nankai ef al., 1995). Moreover, acute memantine 
administration reduces DA in the hippocampus and 
5-HT in the hippocampus and cortex, increasing the 
levels of DA in the cortex (Shearman ez al., 2006). ‘Thus, 
the blockade of NMDARs in DA neurons of the ventral 
tegmental area could counteract the enhancement of DA 
release in the nucleus accumbens induced by MDMA 
and, in turn, undermine its rewarding effects. 
Furthermore, the inhibition of serotonin release induced 
by memantine and its action as a 5-HT3 antagonist 
(Rammes ¢ż al., 2001) could contribute to the inhibition 
of the rewarding properties of MDMA. As glutamate is 
clearly involved in learning and memory (Riedel eż al., 
2003), it is also possible that memantine interferes with 
the learning of the classic conditioning needed for the 
acquisition of CPP and with the capacity of MDMA 
priming to remind the animal of the association pre- 
viously learned during conditioning. However, this 
hypothesis is not supported by the results we obtained 
for chocolate-induced CPP (which was not affected by 
memantine) and for the passive avoidance task, where 
memantine only partially reversed the impairing effects 
of MDMA on memory. Mice treated with MDMA 4 days 
before training in the passive avoidance task showed a 
deficit in memory 24h and a week after training, in 
agreement with a previous study from our laboratory 
(Daza-Losada ef al., 2009b). However, memantine only 
significantly reversed this impairing effect of MDMA in 
the test performed 24h after training. 


There are two limitations to the present study. The first 
is the use of mice of different ages (early-adolescent and 
late-adolescent mice) to test the effects of memantine on 
the CPP induced by two different doses of MDMA. 
However, it is important to note that in a previous study 
we observed that 1 and 10 mg/kg MDMA induced the 
same CPP in late-adolescent mice (Garcia-Pardo ef al., 
2014). Thus, the use of mice of different ages allows us to 
confirm that NMDAR antagonism blocks the CPP 
induced by two different doses of MDMA in both early- 
adolescent and late-adolescent mice. The other limita- 
tion is the high variability observed in all groups in the 
passive avoidance test, which makes it difficult to draw 
unequivocal conclusions from this experiment. However, 
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the results suggest that the impairment in learning 
induced by MDMA is, at least at short-term, reversed by 
memantine, in agreement with previous studies 
(Camarasa ef al., 2008). 


Conclusion 

The present study demonstrates the involvement of 
NMDARs in the rewarding effects of MDMA and sug- 
gests that NMDAR antagonism can be a useful ther- 
apeutic target for the treatment of MDMaA-related 
problems. Future studies will need to evaluate the role of 
other glutamate receptors. 
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